The aim of this study was to investigate the possible role of follicular helper T (T FH ) 
Introduction
Primary Sjögren´s syndrome (pSS) is a common systemic autoimmune disease, characterized by lymphocytic infiltration and destruction of the exocrine glands, primarily the lachrymal and salivary glands. Besides the characteristic glandular symptoms, other systemic symptoms, denoted as extraglandular manifestations (EGMs) such as non-erosive polyarthritis, vasculitis or myositis may also occur during the disease course [1] .
Humoral autoimmune responses, B cell activation and autoantibody production are key immune abnormalities in pSS. Immunohistological analysis of biopsies from minor salivary glands usually demonstrates the presence of ectopic germinal centers (GCs) in the disease.
The number of GCs in salivary glands correlates with the severity of inflammation, and enhanced anti-Ro/SSA, anti-La/SSB autoantibody-production. Moreover, the formation of ectopic GCs carries a higher risk of developing B cell lymphoma [2] [3] [4] . The selection of mutated high-affinity GC B cells depends on the restimulation with antigen arrayed on follicular dendritic cells and the provision of help by follicular helper T (T FH ) cells [5] . T FH cells were initially proposed as a separate lineage, based on their failure to express T helper (Th) 1 /Th2/Th17 cytokines and lineage-specific transcription factors. Later investigations showed that T FH cells may express characteristic cytokines of canonical helper T effector subsets, including interferon-gamma (IFN-γ), interleukin-4 (IL-4) or IL-17 under specific microenvironment and accordingly, T FH cells seem to be heterogeneous and have a close relationship to Th1, Th2 or Th17 cells [6] [7] [8] [9] . A recent study demonstrated the ability of T FH cells to form memory cells which differentiate upon recall not only into T FH but conventional helper T cells as well [10] . Furthermore, two elegant studies showed that mouse Th2 and natural regulatory T cells (Treg) may transform into T FH cells under certain in vitro conditions [8, 11] . These observations shed light on the developmental plasticity of T FH cells. Therefore,
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5 differing from other CD4 + T cell lineages, T FH cells are mainly located in secondary lymphoid organs and defined by the expression of unique combination of cell surface molecules [9] .
The main features of T FH cells arise from the expression of the B-cell lymphoma transcription factor which regulates the expression of C-X-C chemokine receptor 5 (CXCR5), CXCR4 and C-C chemokine receptor type 7 (CCR7) that directs T FH cells into the C-X-C chemokine ligand 13 (CXCL13) rich areas of B cell follicles. Moreover it induces the expression of inducible T cell co-stimulator (ICOS), programmed cell death protein 1 (PD-1),
cluster of differentiation (CD)40L and signaling lymphocytic activation molecule (SLAM)-associated protein (SAP) which are critical in T-B cell interaction [9, [12] [13] [14] [15] [16] . In the follicles, [20] .
Similarly to pSS, ectopic lymphoid structures have also been described in the target tissues of other autoimmune conditions that are accompanied by B cell disturbances and autoantibody production, such as systemic lupus erythematosus (SLE), rheumatoid arthritis (RA) and autoimmune thyroiditis [21] [22] [23] . The better understanding of the B cell disturbances and development of ectopic GCs may provide new strategies for B cell targeted therapies. In the present study, in order to explore the possible role of T FH cells in the pathogenesis of pSS, we analyzed a wide spectrum of immune-competent cells and serological markers with a special emphasis on the clinical symptoms.
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Determination of lymphocyte subpopulations
For phenotypic analysis from heparinized blood samples we used CD3-fluorescein isothiocyanate (FITC), CD4-FITC, CD8-R-phycoerythrin (PE), CD19-R-phycoerythrinCyanine dye 5 (PE-Cy5), and CD16+CD56-PE (BD Biosciences, San Diego, CA, USA and For the identification of CD4 + T helper cell subsets we used intracytoplasmic cytokine staining method which has been described previously [25, 26] . 
Assessment of T FH cells in the peripheral blood
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Evaluation of serum soluble cytokines
Circulating cytokine levels including IL-12, IL-21 and IL-27 were determined by Platinum ELISA Kits (all from eBioscience, San Diego, CA, USA) and were used according to the manufacturer's instructions. Absorbance measurements were detected with a LabSystems
Multiskan MS Microplate Reader (Labsystems, Helsinki, Finland) at 450 nm, data were analyzed by Genesis 2.0 software (Labsystems).
Determination of anti-SSA and anti-SSB
Anti-Ro/SSA and anti-La/SSB autoantibodies were determined by ELISA technique with AUTOSTAT II kits (Hycor Biomedical, Indianapolis, IN, USA) according to the manufacturer's instructions.
Statistical Analysis
Data were represented and statistical analyzed with GraphPad Prism 5 software (Graphpad Software, San Diego, USA). We determined the extreme outlier scores by boxplot using SPSS version 16.0 (SPSS, Inc., IL, USA), then excluded them from the data. To assess the distribution of the data Kolmogorov-Smirnov and Shapiro-Wilk normality test were used. In cases of normal distribution, if the F probe was granted we used unpaired two-sample t test, otherwise it was not granted we used Welch's t test for statistical comparison of the experimental data. In cases if distributions the data set was different from normal, the MannWhitney U test was used. This statistical method has the assumption of homogeneity of variances which was tested using Levene's test in SPSS. The correlations between two
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10 variables were evaluated with Spearman's rank correlation coefficient. Differences were considered statistically significant at p < 0.05.
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RESULTS
T FH cells in peripheral blood of pSS patients and healthy individuals
In found between the two groups (R = 0.4640, respectively, p = 0.0008) (Fig. 1F ). Next we examined these two surface molecules simultaneously on the cells and we found significant (Fig. 1G ).
Correlation analysis between peripheral T FH cells and lymphocyte populations in patients with pSS
We (Fig. 2I) . The anti-Ro/SSA and anti-La/SSB double antibody-positive group correspond to the anti-La/SSB
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14 antibody-positive group, because patients who had anti-La/SSB antibody were positive for anti-Ro/SSA as well.
Increased levels of serum soluble cytokines in patients with pSS
We also examined the relationship between the concentrations of serum IL-12 and the percentages of T FH cells. Based on the titers of IL-12, we divided patients into two groups: (1) IL-12 negative group -the absorbances were lower than the dilution medium and (2) (Fig.3C) . We found no significant difference in the serum levels of IL-27 between pSS patients and healthy individuals.
The intensity of focus scores in association with T FH cells
The histological findings were also examined in labial salivary gland biopsies of 14 pSS patients. Within the group of patients who suffering only glandular symptoms the distribution of focus scores was as follows: focus score of 1 (n = 2) and focus score of 2 (n = 4). In the group of patients with EGMs the distribution of focus scores was as follows: focus score of 2 (n = 2), focus score of 3 (n = 3) and focus score of 4 (n = 3). We also examined the relationship between the percentages of T FH cells and biopsy focus scores and we found a significant positive correlation (R = 0.6984, respectively, p = 0.0055) (Fig. 4) . In our present study, we assessed the frequency of T FH cells in pSS patients by determining [30] . characteristics [13] . Moreover, co-stimulation controlled by IL-21 is necessary for high level expression of CXCR5, which is required for migration into GCs [42, 43] . Another important transcription factor [14] . Serum levels of IL-21 cytokine were found to be elevated in autoimmune thyroiditis and RA patients [31, 32] . In our study, not every patient had 
Discussion
A C C E P T E D M A N U S C R I P T
A C C E P T E D M A N U S C R I P T A C C E P T E D M A N U S C R I P T ACCEPTED MANUSCRIPT
28 Tables   Table 1. The demographic characteristics of subjects enrolled in the study. 
